Quantitative data are presented on (i) the intertypic cross-reactions of polyclonal, guinea pig antibodies directed against the N or H antigen of type 1 poliovirus and (ii) a set of five nonneutralizing, mouse hybridoma antibodies raised against N antigen or a mixture of capsid polypeptides VP1, VP2, and VP3. Three of these antibodies recognize H antigen and VP1, the fourth H antigen only, and the fifth VP3 only. The antibodies recognize either only homotypic antigens or the antigens of the three serotypes.
Soon after the polioviruses were classified into three serotypes (2) , a number of investigators (reviewed by Hummeler and Hamparian [5] ) reported that various animals immunized with native poliovirus of one serotype yielded neutralizing antibodies against that type only. The sera also reacted type specifically when tested in a complement fixation reaction against either N or H (for native and heated, respectively, as defined in reference 5) antigen. On the other hand, Schmidt and Lennette (11) titrated the antipoliovirus antibodies in human sera of normal donors and patients with paralytic poliomyelitis. Although many sera were specific for a single serotype when tested for neutralizing and complement-fixing antibodies in the presence of N antigen, nearly all sera cross-reacted heterotypically when tested in complement fixation against H antigen.
Hummeler and Hamparian (5) performed intertypic crossadsorptions with a single human serum and found that all demonstrable H-specific antibodies could be removed by H antigen of any serotype. Similar results with types 1 and 2 were obtained with a hyperimmune chimpanzee serum, and it was concluded that the H-specific antibodies were di-or tritypic (i.e., group specific).
H-specific antibodies are a normal and constant part of the immune response, even when the animal is immunized with purified N antigen (6, 9) or with poliovirus capsid polypeptides (1); conversely, immunization with H antigen may induce N-specific antibodies (9) . In addition, H antigen may be a part of the normal maturation system of poliovirus (10) .
Thus far, there have been no reports of intertypic reactions by monoclonal antibodies directed against any of the poliovirus antigens. Neutralizing, monoclonal antibodies were always found to be absolutely type specific (3, 4, 7, 8) . However, there is no information regarding the possible intertypic reactions of nonneutralizing antibodies, except for one report stating that two H-specific antibodies recognized homotypic, but not heterotypic, VP1 (13) .
In the present paper, the intertypic cross-reactions of Nspecific and H-specific guinea-pig antibodies are compared by immunoprecipitation using protein A-bearing staphylococci (15) . Furthermore, a set of five nonneutralizing hybridoma antibodies is reported, three of which show intertypic cross-reactions. One of these recognizes a capsid protein, but neither N nor H antigen.
Five guinea pigs were inoculated with N antigen of type 1 poliovirus (Table 1) , and their sera were tested by immunoprecipitation. All sera scored positively with N antigen of * Corresponding author. type 1, and four also scored positively with N antigen of type 2, but not type 3. On the average, the titers obtained with type 2 antigen were 3.7 log10 lower than with the homotypic antigen. When immunoprecipitation was performed with H antigen, however, all sera scored positively with the three serotypes, and the average difference between the titers obtained with type 1 and 2 antigen was only 1.7 logl0. These results are at variance with earlier reports in which heterotypic cross-reactions to N and H antigen in the sera of immunized animals were considered exceptional (5, 11) . This discrepancy is not surprising, however, since our immunoprecipitation method is much more sensitive than the complement fixation test used in past studies. On the other hand, the data of Table 1 confirm the broader specificity of H antigen as compared with that of N antigen first reported for human sera (11) . Table 2 lists five nonneutralizing, monoclonal antibodies that were obtained in two separate fusion experiments. In fusion 39, the mice were immunized with type 1 N antigen, and both N-specific, neutralizing as well as H-specific, nonneutralizing antibodies were obtained (10) . In fusion 42, the immunogen was a mixture of VP1, VP2, and VP3 b Number of clonal reisolations by limiting dilution (LD) followed in two cases by one manual single-cell isolation (SCI; 12). c See Table 1 for titration method and expression of results. d The capsid polypeptides were prepared by incubating 3H-labeled poliovirus for 5 min at 100°C in 1% sodium dodecyl sulfate and 10 mM dithiothreitol. Thereafter the antigen was diluted 20-fold to minimize the final sodium dodecyl sulfate concentration during immunoprecipitation. Eighty microliters containing capsid polypeptides derived from 0.3 p.g of poliovirus was used in each cup of a microtiter plate. Since each monoclonal antibody reacted with at most one polypeptide, only 30 to 40% of the total radioactivity could be precipitated even by undiluted ascitic fluid. The figure gives the negative logarithm of the dilution which was found capable of precipitating 50% of that maximum amount.
e Determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of precipitates obtained with undiluted ascitic fluids (14) .
f Data adapted from The finding that some monoclonal antibodies recognized heterotypic VP1 or VP3 was not unexpected, because the recognition of poliovirus capsid proteins by polyclon4l antisera usually lacks type specificity (1, 13) .
In past studies we reported several cases where the immunoglobulins secreted by a single hybridoma line were comprised of two subsets of antibodies with different specificities (3, 12) . As a consequence, we cannot accept claims that a single hybridoma antibody molecule is capable of recognizing two different antigens unless the necessary adsorption analysis has been performed. Two questions arose regarding antibody 39-5d6: (i) did the same set of antibody molecules recognize homotypic H antigen and VP1, and (ii) did the same set recognize homo-and heterotypic H antigen? The adsorption experiments that address these two questions are presented in Fig. 1 . As shown in Fig.  1A ,ug of type 1 capsid polypeptides (A) was added. The three mixtures were incubated for 2 h at room temperature, and serial 10-fold dilutions were prepared as shown. Each dilution was tested as described in Table 1 The present findings show that the broader specificity of H-specific antibodies originally reported for human sera (11) can also be demonstrated in animal antisera, provided a sensitive method is used. We confirm the existence of groupspecific anti-H antibodies (6) and report three monoclonal antibodies having this property. Of these, two recognize H antigen and VP1, and one recognizes VP3 only. Monoclonal antibody 42-1c9 is a novel kind of antibody since it recognizes VP3, but neither N nor H antigen. The significance of this finding is being investigated further (B. Rombaut, R. Vrijsen, and A. Boeye, submitted for publication).
